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EXPERIMENTAL RESEARCH OF THE DISPERSED WATER
DROPLETS COLLISION IN HIGH TEMPERATURE GAS AREA

D. V. Antonov, P. A. Strizhak, P. I. Kostomarov
Tomsk Polytechnic University

Annotation. An experimental research of collision processes droplets (size
from 0.05 mm to 1 mm) in the flame dispersed water (temperature is about 1100
K). The characteristic mode of the water droplets collision in their motion in high
temperature gas area. Characteristics of processes droplet collisions are identified
by means of modern high-speed diagnostic systems followed by coagulation,
dispersal or fragmentation.

Keywords: water droplets, high-temperature gases, coagulation, impact,
fragmentation.

Introduction. At the present time due to the technological progress fire safety
Is very urgent. The main objective of various development and research is
improvement of the efficiency of means and methods of firefighting. The most
common method of fighting fires is dispersed water in the fire zone. In recent
research the main attention is given to these parameters: mutual arrangement of
atomizer, spray rate, water consumption, dispersed water.

Absolutely, the fact that droplets are subject to numerous processes collisions
IS not taken in attention. It is capable of a different effect on the efficiency of
extinguishing fires: reduce the time of fire suppression, increase the consumption
of dispersed water droplets.

The goal of the present work is to study experimentally the determination of
the probability of occurrence of one of the characteristic modes of water droplets
collisions as they move in a stream of high-temperature gases.

Experimental technique. The experimental setup was used and its scheme
shown on Figure 1 (a, b). The basic elements of the setup are: cross-correlation
digital camera (figure format — 2048x2048 pixel, frame frequency — 1.5Hz,
minimal delay between two sequence figures — 5ms), double pulsed solid-state laser
(with active sphere “yttrium aluminum garnet” and neodymium additives, wave-
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length — 532nm, minimum energy in impulse — 70mJ, maximum impulse time —
12ns, recurrence frequency — 15Hz), synchronizing processor (maximum signal
sampling — 10ns).

Water with special inclusions “tracers” was used as studied extinguishing
liquid. “Tracers” are the mixture (0.5% in weight) of titanium dioxide nanopowder.
Inclusions were added for contrast increase of videograms received with cross-
correlation digital camera.

Particles TiO2 were chosen as “tracers” because they are not dissolved in
water and practically are not influenced on water evaporation characteristics [11-
14]. Particles of TiO2 with characteristic sizes from 80 nm to 130 nm (chosen
range is due to claims [15-18] of panoramic optical methods PIV and IPI) were
used in experiments.
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Figure 1. Scheme (a) and appearance (b) of the experimental setup: 1 - high
speed video camera; 2 - cross-correlation chamber; 3 - double solid-state pulsed
laser; 4 — PC Synchronizer, camera and the laser cross-correlation; 5 - light
"knife"; 6 - generator of the laser radiation; 7 - PC; 8 - state; 9 - container with
water; 10 - water supply passage; 11 - spray; 12 - water spray; 13 - collector; 14 -
cylinder of heat-resistant translucent material; 15 - hollow cylinder, the inner
space of which is filled with a flammable liquid; 16 - thermocouple; 17 - channel
traffic coolant laser; 18 - spotlight; 19 - heating installation; 20 - pressure system;
21 - remote on / off injection system

High-speed camera Photron FASTCAM SAL1 is used for motion of collision
of two drops of water. The camera makes video recording of the collision of drops
in different registration areas. Then, using special software «TemaAutomotive» the
procedure for processing of video frames is realized which determine the mode of
collision of water droplets, as well as assessing the impact of velocity (Umz, Um2)
and sizes (rm1, rm2) on the result of the collision.

Results and discussion. This study revealed the characteristic modes of
collision of drops: coagulation (fusion), split (the formation of more than three
drops significantly smaller then initial size) and expansion (the formation of two
drops with characteristic dimensions which are close to initial). Video recordings of
experiments with the image of coagulation and cleaving flying droplets during their
movement in the flow of hot gases are implemented.
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The analysis of more than 1,000 videograms of conducted experiment allowed
us to determine the probability of each of the three effects of collisions. In the
numerical analysis of the results of experiment the parameters: P1 = N1/ (N1 + N2 +
N3), P2 = N2/ (N1 + N2 + N3), P3= N3 / (N1 + N2 + N3), where N1, N2, N3 - number
of collisions in which first, second and third embodiments of collisions are realized.

Figure 2 shows typical values of the criteria P1 (coagulation), P> (expansion)
and Ps (split) when adjusting the speed of the colliding drops. It is clearly seen
(Figure 2) that the probability of occurrence of the coagulation process is high at
low speeds and decreases with increasing speed of the water droplets.

This is due to the excess viscous forces over inertial forces. With the growth
rates of water droplets probability of scattering processes (P2) and fragmentation
(P3) increases, and at one point the probability of occurrence of each process is
equal (equal opportunities). This point corresponds to the speed of the water
droplets um1 = 9-11 m /s.
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Figure 2. Statistics of occurrence of each of the three effects of the collision of
two drops when one’s speed of movement is changing: P1 - coagulation, P> -
expansion, Pz - fragmentation

Conclusion. The study identified three characteristic regimes of collision:
coagulation, fragmentation and dispersal. Basic characteristics (rmi, rm2, Um1, Um2) Of
collision of water droplets in the flow of high temperature gases are established. It
is found that all the characteristics in some way affect the mode of collision. At low
speed of coagulation is high, at higher frequencies the realization of processes of
crushing and expansion increases. The obtained results illustrate the feasibility of
allowing three modes of collision in the formulation of mathematical expressions
for the basic characteristics of droplets, as well as more efficient use of droplet flow
ensuring fire safety and fire fighting.

This work was supported by the Russian Science Foundation (project 14-39-
00003).
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PA3BUTUE HABbIKOB BEAEHWA AUCKYCCUU HA 3AHATUAX
MO AHITIMMCKOMY A3bIKY B BOEHHOM BY3E

H. A. ApGy3oBa
Hoeocubupckuli 0€HHbIU UHCMUMYM 8HYMPEHHUX 80UCK
um. eeHepana apmuu U.K. Skoenesea MB/L P®

Monepauzansi ~ oOpazoBarenbHOM — cuctembl  Poccmiickort  dDepeparuun
MOJJpa3yMeBaeT HEOOXOIUMOCTh PACHIMPEHHS CHEKTpa 0a30BBIX YMEHHUW U HAaBBIKOB,
dopmupyeMpix y  oOywaronmxcs. B smoxy — rio0anmuzaiui, — Hapsgy — C
npodecCHOHATBHBIMU 3HAHUSIMH, HaBBIKAMUA U YMEHUSIMH, IIEHSATCSI KOMMYHUKATUBHBIE
CHOCOOHOCTH, HEOOXOIUMBIE JIJISI MEXKITMYHOCTHOTO M MEXKKYJIBTYPHOTO COTPYAHUYECTBA
Kak BHYTPH CBOEH CTpaHbl, TaK U Ha MeXAyHapoaHoM ypoBHe [1, ¢. 11]. CnocoOHOCTH
KOppeKTHO U 3¢ (HEeKTUBHO (OPMYIHpPOBaTh COOCTBEHHYIO TOYKY 3PEHUS MO CIIOPHOM
TeMe, TMPU3HABAaTh YY)XO€ MHEHHE TI0 Teme, (OpPMYIUpPOBATh CYXKIECHHUE U
YMO3aKJIFOYEHUE, CTPOUTh JI0KAa3aTelNbCTBA C  HCIOJIB30BAaHHEM PAa3HOOOpPA3HBIX
apTyMEHTOB SIBJISIFOTCS HEOThEMJIEMOM XapaKTEPUCTUKONW COBPEMEHHBIX CIIEIUAINCTOB-
npogecCuoHaNoB.

Bynyiue crienuanictsl Mo poy cBoei mpodeccHoHaTbHON A TEIbHOCTH JTOJKHBI
OBITH CITIOCOOHBI TPOJIEMOHCTPUPOBATH TAKUE YMEHUS M HaBBIKUA MPO(ECCHOHATBLHOTO
o01IeHus, KaK MMOCTPOEHHE apryMEHTHPOBAaHHONM MOHOJIOTMYECKOHN peuu, Tak U BeJCHHE
apryMEHTUPOBAaHHOM JTUCKYCCMM HA MHOCTPaHHOM s3bike. OOydeHue BeIECHHUIO
JIUCKYCCUU SIBIISIETCSI OJHUM M3 Ba)XKHBIX ACIEKTOB KOMMYHHMKAaTHBHOIO MOJXOJa B
00y4eHUU UHOCTPAHHOMY SI3BIKY.

Merton IUCKyccHil Kak OJMH M3 METOAOB MPOOJIEMHOr0 OOYYEHHUS HaXOIUT BCE
Oolblliee TIPUMEHEHHE HA 3aHATUSX 1O WHOCTPAHHOMY SI3bIKy. Biazers HaBbIKaMU
BEJICHUS JMCKYCCHUU TPEIoaraeT «yMeTh 0e3 MOATOTOBKH, JOCTATOYHO Oeriio, TOYHO U
3¢ (dEeKTUBHO TOBOPUTH Ha 0O0mMEe NpPOoPEeCCUOHANBHBIE TEMbI, YETKO 00O03Hayas
B3aMMOCBSI3aHHOCTh WJEW, HUCIONIb3YSl HEOOXOMUMYIO JIEKCUKY M TEPMHHOJIOTHIO U
MPAaKTUYECKU HE JIOMyCKas TPAaMMAaTHUYECKUX OIMOOK; YMETh BBICKA3aTh JITYHOE MHEHUE
U TIOAKPENUTh €r0 apryMEeHTaMH, B TOM YHWCIE JJIsi OMPOBEPIKCHUS JAPYTrUX MHEHHM, a
TaKXKe BBICKA3aTh U OOOCHOBATh THIOTE3Y; YMETh B JUAJIOT WM JUCKYCCHIO, a TaKKe
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